Iris localisation is a crucial operation in iris recognition algorithm and also in applications, where irises are the main target object. This paper presents a new method to localise iris by using Fuzzy Centre Detection (FCD) scheme and active contour Snake. FCD scheme which consists of four fuzzy membership functions is purposely designed to find a centre of the iris. By using the centre of iris as the reference point, an active contour Snake algorithm is employed to localise the inner and outer of iris boundary. This proposed method is tested and validated with two categories of image database; iris databases and face database. For iris database, UBIRIS.v1, UBIRIS.v2, CASIA.v1, CASIA.v2, MMU1 and MMU2 are used. Whilst for face databases, MUCT, AT&T, Georgia Tech and ZJUblink databases are chosen to evaluate the capability of proposed method to deal with the small size of the iris in the image database. Based on the experimental result, the proposed method shows promising results for both types of databases, including comparison with the some existing iris localisation algorithm.
1.0 INTRODUCTION
Iris localization is an important operation in iris recognition, and also being used in Human Computer Interaction (HCI) application to track eye gaze, which allows the eyes interact with computer interface [1, 2] . In iris recognition algorithm, the accuracy of iris localise inner and outer boundaries of iris are important in order to obtain the precise characteristics of the individual iris. Failure to locate means the data encode from the pattern on individual iris is insufficient to represent the biometric individual identity. For eye gaze tracking, the center of iris is necessary to detect precisely in which is each of movement, which is measured from the center point. The movements of these points represent communication signals between the eyes and computer interface. Then, the computer system via its interface interprets the eye gaze and takes action on its behavior.
The growing of iris localisation researches has been started since the middle of the 1980s, when iris was identified that able to represent the unique patterns for biometric identification [3] . Flom et al., have patented the automatic iris recognition system which based on edge detection to localise the iris [3] . Subsequently, there were more details researches on iris localise and iris pattern extraction conducted, one of them is Wildes applied gradient edge detection and binary edge map to locate the iris [4] . The radii and centre of iris were discovered then using Hough Transform. An aggressive research by Dougman in iris recognition has successfully introduced a prominent technique of iris localisation known as integro-differential operator which is used to find the circle of pupil and limbic [5] [6] [7] [8] .
These aforementioned methods are not considered physiological attributes of the iris region, and there is an additional image processing algorithm needed to rule out any occlusions introduced by eyelids or eyelashes. Hence, Daugman [1] has proposed active contour method that able to segment the occlude region caused by this physiological attributes in iris localisation algorithm. There is another aspect need to be considered in developing a robust iris localisation technique, for instance the movement of eyes, the camera distance, illumination changing and varying focus condition.
To counter the above mentioned challenges, this paper proposes a new method to localise the iris by introducing a Fuzzy Centre Detection (FCD) scheme for detecting centre of the iris. This scheme combines with an active contour Snake algorithm to find the inner and the outer iris boundary. The proposed method has been evaluated to the detection rate using UBIRIS v1, UBIRIS v2, CASIA v1, MMU1 and MMU2 for iris database. Furthermore, AT&T, Georgia Tech and ZJUblink databases are used to examine the detection rate of iris localisation for small of iris image. The remainder of this paper is organised as follows [9] [10] [11] [12] [13] [14] . Section 2 describes the pupil centre detection using FCD scheme. Section 3 describes a preprocessing technique for this method. Then, Section 4 presents an active contour Snake to localise iris boundaries while Section 5 presents the experiments result of this proposed method. Section 6 is a conclusion the paper.
2.0 IRIS CENTRE DETECTION USING FUZZY CENTRE DETECTION (FCD) SCHEME
This paper presents a new method for iris localisation, which uses Fuzzy Centre Detection (FCD) to detect the centre of iris, and active contour Snake to detect the boundaries of the iris. There are four fuzzy membership functions are applied in this FCD scheme. In FCD scheme, the vertical axis of symmetry is necessary to be first identified. By considering the geometry characteristic of the iris and pupil which is approximately circlelike, the vertical axis that represents symmetry of the iris and pupil is identified using the sliding window technique.
The sliding window technique is used to find the finest symmetry axis by a pre-defined window that splits into two same sides. Then, the windows are shifted horizontally through the eye region. The both window sides are compared with each other and the lowest score of comparison based on the intensity value is considered as symmetry axis. However, the local minimum score is inconsistent to represent the symmetry axis as shown in Figure  1 . The lowest subtraction score is indicated from the left and right of eye region and the absolute symmetry axis is indicated as the steepest subtraction score. In order to meet the accurate Symmetry Axis (SA), the subtraction score (as shown in Figure 2 ) is computed in second derivative as follows:
where N is the window size and y is the horizontal position of eye image. Based on the obtained axis of symmetry, this function gives a weight to each pixel of the image along the axis of symmetry that defined as follows:
Figure 2 Second derivative scores
This function (2) based on iris and pupil characteristic circular-like shape where ra and rb are the threshold radius value. The function is presented as trapezoidal shape (as shown in Figure  3 ) which the score 1 is given in radius ra along symmetry axis and score 0 for outside rb. The following membership function is based on the darkness characteristic of the iris and pupil which is specified as follows:
where t1 and t2 in this function represents the threshold grayscale value of pupil and iris, while m is a gradient line of t1 and t2, and b is an intersection of y-axis value (as shown in Figure  4 ). Based on Bath and UBIRIS V1and UBIRIS V2 database, the acceptable threshold value of t1 and t2 is 70 and 100 respectively.
The next membership function FI is an intersection in between function μcp and function μd. This function has significantly reduced the set of pixels of centre points candidate which computed as follows:
Figure 4 The darkness membership function d
The final fuzzy membership function of FCD is the radial searching over a specific range from the remaining centre point candidate region into the binary edges map of pupil that generated from Sobel edge detection as shown in Figure 5 . The ranges circular search in circular path is from 330 0 to 30 0 and 150 0 to 210 0 with respect to the horizontal axis as reference 0 0 . These ranges represent the exact edges of pupil compared to others degree ranges that normally corrupted by eyelids and eyelashes. The lengths from a point of the remaining candidate centre region to the edge within the circular target range are measured and accumulated. Each of the summed lengths result is normalised by dividing into maximum length and it is represented as μce. This calculation is performed at every point in the remaining candidate region. The final decision of iris centre function is an intersection in between function μFI and μce which computed as follows.
The whole FCD scheme stages result of detecting the centre of the iris is illustrated in Figure 6 . 
3.0 PRE-PROCESSING
In normal eye image, there is a bright spot that located in a region of pupil, which is captured by the light reflection. This spot affects the performance of sliding window operation and FCD scheme detection. In order to eliminate this typical spot without affect the surrounding regions form, the exact location of spot is necessary firstly located. By employing the threshold value as mentioned, the location of bright spot is detected [15] . To remove this spot, the neighbour equality value adaption technique is applied. This technique allows the mean intensity from the neighbours' pixel of bright spot is used to replace the bright spot intensity values and the result as in Figure 6 . 
4.0 BOUNDARIES DETECTION USING ACTIVE CONTOUR SNAKE
Active contour Snake is an optimization technique which aims to find a contour of object in image. In this case, snake is employed to discover the boundary of outer iris and inner iris. A snake has parameters to enable the contour to search the edges through stretch and bend within the target object. The Snake evolution process involves expressing the parameters in the form of an energy function as presented in equation as follows:
where v(s) = v(x(s),y(s)) that describe the snake points, Eint represents the internal energy of contour which enable Snake to stretch and bend, and Eimage shows the energy that relate to edge of image. The internal snake energy can be further describe as follow.
The  is parameter that allow Snake freedom to stretch, while  forces the Snake to maintain the continuity and when  = 0, it permit to form a sharp corner.
The image energy relates to edge of object and can be expressed as
where  is used to emphasize edges in image with large of  value caused the Snake stick to the discovered edges. Eedges is edge energy that requires being at minimum for points on a strong edge detected and maximum in no edge region detected. Eedges is computed as follows:
where  I is the edges intensity that computed from the Sobel operator. The max and min refers to the maximum and minimum of edges intensities respectively. Snake performance is significantly improved when the initial contour is close to the target boundaries. In this case, the initial point that close to the inner and outer iris boundary has been computed during FCD scheme. Result from the radial search conducted by FCD scheme produce a clearly position of boundary of iris and pupil as shown in Figure 8(a) . With consideration the eyelash and eyelid possibility occludes on upper and lower lid (as aforementioned in FCD scheme), the initial snake contour is shown in Figure 8 Instead of the ability of adequately detected boundary, the classical Snake have a problem when the absence of edge points that tend to evolve into a point mass or straight line. Therefore, an improved optimization technique of Snake proposed in [16] is employed in order to remedy the abovementioned problem. This technique involves internal and external force of snake. The internal force of Snake tend to collapse into straight line because the second derivative term in internal snake energy (7) is minimised and approximately to zero. For iris segmentation, the best approach to avoid this problem is the circular initial contour held its shape in the absence of the other force. Due to the second derivative to maintain the continuity, in order to ensure circle of shape have constant curvature the third derivative replace the second derivative.
The external force relate to edge energy Eedges maintain in same force in classic Snake. However in this technique, two additional external forces are added up that required for the Snake to expand toward its final location. Consequently, an expansion or balloon force is introduced. The balloon force EBalloon is calculated by approximating the tangent to the snake contour and rotating the tangent by 90 degrees such that an outward pointing normal of the contour is obtained. A directional vector between a snake point and each of 8 neighbours is generated as shown in Figure 9 . The neighbour with the greatest projection designates the direction in which the Snake point move next. The projection output are normalised and remapped so that the lowest cost corresponds to the greatest projection score is a similar to Equation (9) . 
5.0 EXPERIMENTAL RESULTS
In order to evaluate the performance of the proposed method, extensive experiments have been performed. These experiments focused on evaluating the performance of FCD scheme, performance of active contour Snake for detecting the boundaries of the iris, and the overall performance of the proposed iris localisation method. For all experiments, there were four set data had been used as described earlier; UBIRIS iris database, MMU iris database, CASIA iris database, and face images database. 
Centre of Iris Detection Using FCD
To evaluate the ability to detect centre of iris, there were 100 samples randomly chosen from each of database as listed in Table  1 . The overall performance as indicated in Table 1 in which the highest detection rate is 95%, and the lowest rate is from face images database. 
Iris Boundaries Detection Using Active Contour Snake
In the experiment to evaluate the performance of active contour snake, there were 100 images of each database were employed. For this experiment, the centres of the iris for all images were initially annotated manually. From that point, the active contour Snake starts searching the boundaries of the iris. Table 2 shows the performance results of experiment. 
Iris Localisation
In this experiment, the FCD scheme and active contour Snake are integrated to localise the iris region. The proposed method is compared with another two methods, known as integrodifferential operator [5] and Wildes technique [4] . There were another 100 different images of each database were used to evaluate the performance, which indicate that the proposed method obtained the best result compared to another two methods. 
5.0 CONCLUSION
A new method for accurate iris region localisation was presented. This method is a combination of Fuzzy Centre Detection (FCD) scheme and active contour Snake algorithm. FCD scheme is to locate the centre point of iris, while active contour Snake search the boundaries of iris from the located centre point. The proposed method is sensitive to bright spot bright spot that located in a region of pupil caused by reflection of light. Therefore, preprocessing is carried out which uses a threshold technique to eliminate the bright spot. The active contour Snake that applied in this method employs optimization technique in order to remedy the tendency of Snake to evolve into a point mass or straight line problem. Based on the experimental results, the FCD scheme indicates acceptable result to locate the centre of the iris and active contour Snake able to detect the boundaries of the iris. In addition,the result obtained for the whole iris location method with this approach provides better results in comparison to other two algorithms. Based on the database that is used in the experiment, the face database shown the less detection rate because of the iris is smaller.
